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胺类氧化反应两部分。第一部分旨在通过对水滑石 Hydrotalcites (HT) 负载纳米
金催化剂上苯甲醇氧化/无氧脱氢反应中纳米金粒径效应的研究，揭示醇类脱氢
反应中 C-H 键活化和 O2 活化两个关键步骤的机理。第二部分旨在通过合理设计
金-钯双金属纳米粒子与碳纳米管表面官能团之间的协同作用，获得高效胺类催
化氧化催化剂。 
针对金催化苯甲醇氧化/无氧反应，测定了不同 Au 粒径的 Au/HT 催化剂催
化苯甲醇氧化/无氧脱氢反应的初始速率，并分别总结苯甲醇氧化反应与苯甲醇
无氧脱氢反应初始速率与粒径之间的关系。使用 HRTEM 对 Au 纳米粒子形貌进
行表征，发现 Au 纳米粒子呈截角八面体形貌。我们计算了 Au 纳米粒子上顶点、
棱边和平台位的 Au 原子各自催化苯甲醇氧化/无氧脱氢反应的本征速率。分析结
果显示全部表面 Au 原子均参与催化氧化脱氢反应，而仅顶点位和棱边位 Au 原
子可以催化无氧脱氢反应，平台位原子的本征速率比顶点或棱边位低 2 个数量
级。结合对氧分压、Hammett 效应和同位素效应进行研究，我们推测苯甲醇无氧
脱氢反应中 α-C-H 键的活化是由配位不饱和 Au 原子 β-H 消除完成，而氧化脱氢
反应中 α-C-H 键的活化是由被活性 OOH 物种进攻完成。 
针对以氧气为氧化剂的胺类氧化生成亚胺的反应，开发了 Au-Pd/CNT 催化























Aiming at developing efficientgreen catalysis process, this dissertation focused 
on studying the mechanism ofalcohol oxidative/non-oxidative dehydrogenation 
reactions overAu/Hydrotalcites(HT) catalyst and amine oxidation reaction over 
carbon nanotube(CNT) supported Au-Pd catalysts. The first part is expected to 
disclose howα-C-H bond and O2 is activated in the alcohol dehydrogenation reaction 
by studying the Au particle size effect. The second part is expected to obtain efficient 
amine oxidation catalyst by rational design the collaborative effect between the Au-Pd 
nanoparticle and CNT surface functional groups. 
Byinvestigating the initial rate of alcohol oxidative/non-oxidative 
dehydrogenation over Au/HT catalyst with different Au particle size (d), we clarified 
that the rate per total Au atom varied with the mean Au particle sizefor both the 
oxidative conversion andfor the non-oxidative conversion of alcohol. Au nanoparticle 
was characterized by HRTEM, which showed that Au naoparticle exhibits a truncated 
cubo-octahedral morphology. We calculated the intrinsic rates of benzyl alcohol 
conversion rates over corner, edge and terrace sites under oxidative/non-oxidative 
conditions, the results suggests that all the atoms on Au surfaces were active in the 
oxidative reaction, while the edge and corner Au atoms contribute predominantly to 
the non-oxidative reaction, and the terrace atom is at least two orders of magnitude 
less active than the edge or corner atom. Based on the investigation on the effect of O2 
particial pressure, Hammett effect and kinetic isotopic effects for both reactions, we 
propose thatα-C-H bond activation proceeds via the β-H elimination by the 
low-coordination-number edge and corner Au atomsfor non-oxidative reaction, 
whereasα-C-H bond is activated by the active OOH speciesunder oxidative 
conditions. 
 Au-Pd/CNT catalyst was developed to catalyze the amine oxidation reaction 
using O2 as oxidant giving imine product. The Au-Pd nanoparticle supported on CNT 
pretreated with Fenton reagent exhibited the best activity and selectivity. The catalyst 















carrying out TPD experiment to characterize the CNT surface functional groups and 
using quinone as model molecular for the functional groups on CNT, we have 
demonstrated the diketon-like structure on surface of CNT surfaceis the key promoter 
for amine oxidation reaction. Further investigation showed that the amine activation 
and catalyst regeneration can be accelerated by the diketon-like structure on CNT 
surface.  































产中就要对环境保护加以重视。1998 年，耶鲁大学教授 P. T. Anastas 和 J. C. 
Warner 合著了《Green chemistry：theory and practice》一书，在其中正式提出绿
色化学的十二条原则 [1]：阻止废弃物生成 (Prevention)、原子经济性 (Atom 
economy)、不生成有害化合物(Less hazardous chemical syntheses)、设计更安全的
化合物(Designing safer chemicals)、使用更安全的溶剂和助剂(Safer solvents and 
auxiliaries)、合理设计以有效利用能量(Design for energy efficiency)、使用可再生
资源 (Use of renewable feedstocks)、减少副产物 (Reduce derivatives)、催化
(Catalysis)、可降解(Design for degradation)、实时污染物在线分析(Real-time 
analysis for pollution prevention)和从本质上改进生产过程以阻止事故发生
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